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marine fishers and managers in a
changing climate
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Why has seasonal forecasting worked?

* Pre-conditioning
— Novel conditions (sometimes a shock)

— Dynamic realtime habitat forecasting (since 2003)
— Mature forecast model (POAMA)

* Project team

— Trust and knowledge in domain
e Decision context is clear

— Partnership with BOM
— End user engagement
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Observed ocean warming
around Australia
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Impact studies - Biological changes in SE — now well documented

14/29 intertidal species have moved further south in
Tasmania over last 50 years (Pitt et al 2010)

Expansion of sea urchins native to NSW causing loss
of kelp forests in Tasmania (Ling et al 2009)
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Observed changes in south-east Australia
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2"d Marine Report Card

Marine Climate Change in Australia
Impacts and Adaptation Responses 2012 REPORT CARD

Australla's oceans generate considerable economic wealth through fishertes, aguaculture,
tourlsm and mining. Marine ecosystems provide irreplaceable services Including coastal defence,
oxygen production, nutrient recycling and climate regqulation. Unless we adapt and mitigate,
climate change will threaten cur economic prospertty and sodal well-being.
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Biological

Microbes

Algae

Seagrass
Mangroves and tidal wetlands
Phytoplankton
Zooplankton
Pelagic fish

Coral reefs
Tropical fish
Temperate fish
Marine reptiles
Seabirds

Marine Mammals
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Pelagic Habitat Changes |

August 2008

August 2064

Hartog et al. (2011)
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Overall change in resource/species distribution

(14 species, 12 months, 9 models, 25 scenarios = 37,800 futures)
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Projected biological changes (e.g. distribution)

11 species in Australian longline fisheries
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Long-term climate risk to seafood sector

Biophysical impacts include:
 Range changes (best location)

— Species move south (east coast) (+/ -)

 Growth changes
— P growth and recruitment (prawns)
— Fish growth rates

 Environmental changes
— 1 upwelling (1 productivity?)
— Disease risk

* Extreme events
— 1 storms (freshwater, turbidity)

Preliminary Assessment of Climate Change Impacts for Australian Fisheries &
Aquaculture (Hobday et al 2008)
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Humans think they are resilient....

Jones & Mearns 2005



Recent extremes suggest otherwise
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The future will be different...

Climate change is leading to a
future where past experience
is of reduced value.

Past patterns will not be
repeated: novel combinations
of physics, chemistry, and
biology

Need to make decisions that
are generally ok even if the
details change, based on the
best information available at
the time

Risk management approach




Climate variability vs. climate change

In fisheries and aquaculture, coping with climate
variability is “business as usual” to many...

* Coping with climate variability is responsive adaptation

Cost effective? Does it allow for “opportunity” to be recognised?

* Climate change is a new factor for a range of businesses

Can it just be managed as for climate variability?

) Anticipating climate variability & change
is proactive adaptation

®) Business performance could be improved
with predictions about the future
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Recognize relevant time
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When is seasonal forecasting useful?
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_ Usefulness depends
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Seasonal forecasting

| SRS, WS

Predictive Ocean Atmosphere Model for Australia

Global dynamical coupled ensemble ocean-atmosphere and
data assimilation seasonal prediction system

* Forecasts out to 9 months

‘ * Weekly to seasonal multi-
model predictions

T e B - ocean and atmospher

products available
* 33 member ensemble

* Probabilistic forecasts

* Run operationally x2 weekly

Australian Government

Spillman & Alves 2009, Spillman 2011, Hudson et al 2013 CSIRO

Bureau of Meteorology

http://poama.bom.gov.au




POAMA applications

ommercial wild fisheries

quaculture — -
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Experimental Great Barrier Reef SST Anomaly Forecasts

L} L}
Please note that the following products are experimental only and do not currently form part of the Bureau's standard services in any way.
Access to the products are only made available for research purposes and on the basis that the users are fully aware that these products are
still being tested and are subject to the Bureau's copyright and disclaimer

Official Great Barrier Reef SST anomaly (SSTA) forecasts are now provided by the Bureau's Ocean Services.

Experimental SST Anomaly Forecasts

The following plots show the LATEST experimental sea surface temperature anomaly (SSTA) forecasts for the coming months in the
Great Barrier Reef (GBR), Australia. The top left and right plots show the SSTA forecasts using an ensemble of daily forecasts from the
past 30 days and past 10 days, respectively. The bottom left plot indicates probabilities of forecast SSTA (30 day ensemble)

e a tW a V e S exceeding 0.6C in that month. On the bottom right, the plot indicates corresponding model skill for each lead time.
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Ensemble prediction

* Gives the likelihood of an event occurring

* Ensembles give the range of possibilities & degree of
uncertainty

* Cost/benefit analyses

* Perturb the initial
state within its
estimated error
to see impact of
possible errors

~
1Upper historical

{1Mid historical

1Lower historical)

RW | "3
s RS
Australian Government

CSIRO

Bureau of Meteorology



Fisheries and aquaculture

seasonal forecasts
(primary variable & “habitat”)
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A. Assess needs B. Development C. Implementation

Forecast delivery
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variables & , El'e.fa J
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Verification data Forecast products
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Real time habitat “prediction” (since 2003)

Reduce bycatch of SBT

Three zones based on the
expected distribution of
SBT.

Report sent to fisheries
management on a
fortnightly basis

vertically-
integrated
habitat

prediction /

Action — \ -
observed temperature + real-time
H fi by depth del
AFMA regulates spatial P o e
access of long line Byidepth
vessels to the fishery
based on quota
holdings.

Observers required in the
core zone.

Hobday and Hartmann 2006; Hartog and Hobday (in press)
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Seasonal Habitat Prediction - (=

* Seasonal forecasts from a coupled
ocean-atmosphere model (POAMA) have —
been added to our habitat model, \ )

allowing predictions of SBT habitat out to

5 months. e

s
ﬂ\
3

Current forecast {16-Jul-2014 12:00:00)

* This seasonal forecasting offers both
managers and fishers the potential to
plan for upcoming restrictions, and

strategically modify their fishing
activities. Forecastin 2 month (16-Sep-2014) ‘ Forecastin 3 monihs (16:06t:2014 1200.00)
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Southern bluefin tuna fishery example #2

management issue: 829 }
Changing SBT distributions oy
Management nggﬂz } {

Improve efficiefcy of industry
Management solution:
Invest inresearch and fisher

anagement support:

Seasonal forecasts to improve
\.operational planning of fishers /

O'sg

Quota-managed fishery so does ncﬂcrease catch



Juvenile southern bluefin

 Juveniles (age ~2-5) make : LF
annual cyclic migrations ﬁ .
* Spend winters across |
southern ocean ) ?(ijﬂw )y
40 —| rE & V]
’ Spend Summers in GAB 0 @ spawning @D age 1 feeding grounds j
(DEC-Apr) 6 510 1c[)0 150

* Purse-seine fishery worth
~S60 million annually
occurs in GAB in summer
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Archival tagging of juvenile SBT

. ° 0 gl Q‘ W%
] O Releases, n=826
8 - X Recaptures, n=148

e Tags released in 1998-2008

* Released at ages 1-4

* Recaptured at ages 2-6

42% of releases and 78% of recaptures

occurred in the GAB (red box)

Southern Bluefin Tuna T o the Same mtue.
ARCHIVAL TAGGING PROGRAM

Basson, Hobday, Eveson and Patterson (2012) Spatial interactions among juvenile SBT at the global scale: a large scale archival

tag experiment. FRDC Final Report 2003/002.




Estimating tracks from archival tags

* Daily positions estimated using a state-space model with data
inputs:
> Light record from tag
> Sea surface temperature (SST) from tag cf remote sensed SST

ARCHIVAL ID 864
Released 2005-01-10 95 cm ; Recaptured 2006-02-26




Estimating habitat preference

 Compared environmental data (SS7, chlorophyll a, mixed layer depth,
bathymetry, wind, frontal density, sea surface height) for:

1. entire GAB vs.
2. locations where fish were found within the GAB
during Jan, Feb, Mar of 1998-2009

* Those with greatest influence: SST, chl a (to a lesser extent)

$ST January 1998
log(Chl) January 1998
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log(Chl)

log(Chl)

Habitat preference: SST + chlorophyll a
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Preferred habitat maps

* Produce map showing regions of preferred habitat for any given
time period (e.g. Jan 2007)

o Get environmental conditions for that time period

« Look up preference value corresponding to environmental conditions at each
location

SST only

SST January 2007 SST preference map for January 2007
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Preferred habitat maps

SST January 2007

o
& -

2 SST + chlorophyll a

22

SST + log(chl) preference map for January 2007
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Validating habitat preferences

 Aerial survey for SBT conducted annually in GAB from Jan-Mar

* Use location of sightings to evaluate habitat preferences

e Score = Prop’n sightings within preferred habitat
Prop’n survey area containing preferred habitat

» Score > 1 means preferences are informative

SST preference map for January 2007 SST + log(chl) preference map for January 2007
<& Aerial sightings [T 30 ' — 3.0

— 25 25

— 2.0 ~ 20

— 15 — 15

1.0 1.0

05 05

Score = 1.05

0.0

126 128 130 132 134 136 138 1261260 2R Ee 156

41 | Forecasting SBT habitat in the GAB %



Validating habitat preferences

* Consider all years and months of aerial survey data
> SST alone: scores > 1 in all but one year/month
> SST + chl a: scores > SST alone in all but one year/month

JANUARY FEBRUARY MARCH
score = 1
1998 1.39 1.42 1.05 1.11 1.11 1.42 +Ch| bettel’ than SST alone
1999 1.17 1.28 1.26 1.40 1.55 1.72
2000 1.73 1.83 1.05 1.15 1.06 1.09 score < 1
2005 1.20 1.42 1.01 1.38 1.41 1.83
2006 1.16 1.30 1.32 1.59 1.08 1.26
2007 1.05 1.32 1.05 1.10 1.08 1.19
2008 1.10 - 1.57 - 1.02
2009 1.01 1.09 1.10 1.21 0.93 1.17
2010 1.02 1.18 1.22 1.33 1.10 1.12
2011 1.00 0.53 1.07 1.29 2.31 2.28
2012 1.01 1.27 1.02 1.13 1.01 1.09
2013 1.06 1.22 1.02 1.24 1.03 1.01
2014 1.02 1.02 1.03 1.08 1.03 1.06

42 | Forecasting SBT habitat in the GAB %



Forecasting preferred habitat

* Use POAMA forecasts of SST to predict regions of preferred
habitat

* POAMA does not currently forecast chl a, so can only provide
SST-based forecasts

* Forecasts are issued for next 2 fortnights and next 6 calendar
months

43 | Forecas ting SBT habitat in the GAB



Forecasts issued 22 Feb 2015
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 For Jan-Mar, SST forecasts lead times ~2 months

Lead time (month)
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Delivery of forecasts to industry

* Website developed specifically for this purpose
 Automated to update daily

* Regular engagement with industry, particularly through industry
co-investigator

* Website modified in response to feedback
e Contains much more than just the forecasts...

e http://www.cmar.csiro.au/gab-forecasts

46 | Forecas ting SBT habitat in the GAB



Website information

Maps of recent SST and chlorophyll conditions Forecasts of SST up to 2 months in future

SST along 200m contour

Forecast: fortnight starting 21 Sep 2014

22 September 2014 SST along 200m contour

Mean 147°C (issued 21 Sep 201)
20 r
N - . -

125 130 135
Longituce

Forecasts of preferred SBT habitat Historical SST and trends in GAB

GAB: Mesn SST
+— 20052013
2014

Forecast fortnight starting 21 Sep 2014

2
Mean: 147°C (is3ved 21 Sep 2014) H
135

125 130

Preforred habitat

Observed conditions

SST forecasts

Habitat preference forecasts

Historical SST

How to calculate habitat preferences

ARCHIVAL ID 735
Released 2003-02-21 56 cm; Recaptured 20050117 Case studies nl 5 + s " x -
Month

Estimating habitat preferences

L Case studies of recent seasons

Latitude

Longmm : 1 D«“ - : ssued 1 Jnnﬂ)“,c : Issued 1 F&iﬂ"ze
= -
References, links and contact details | — ]

POAMA - learn more about the underlying seasonal forecast model on the
POAMA site: http://poama.bom.gov.au/about_poama2.shtml

Preference map
> 2




Delivery - www.cmar.csiro.au/gab-forecasts

Adaptation yet?
In the first year
10 major fishing companies

e All used website

8 used in decision-making

6 made different decision

2 made “do nothing different
decision

”

(when and where to fish)

(economic benefits)

Eveson et al (2015) Fish Res

Forecasting Southern Bluefin Tuna Habitat in the
Great Australian Bight

About the project

This project is a collaboration between CSIRO, e AusTalian Souhem Siuafin Tuna Indusy Association (ASSTIA) and the
Suresu of Metecrology (SoM), co-funded Dy e Fisheries Resaarch and Development Comporation (FROC Project 20122239

Project Alm: To irwestigate hadiiat preferences of Southem Divefin tuna (SET) In e Grest AusTalian Sight (GAS) basad on
nisorical archival tag, ©atch and aerial survey dats, and 20 provide forecas?s of habiat disTiution

Moftvation: The project was infiated In response % obsanved changes in spatial disTioution of ST In e GAS Trough recent
fishing sessons.

Plannsd Oufoome: Forecasss of saasonal environmental CONGIONS SUCh a3 S28 surtsce tampersture (SST) should Improve
operational planning of SET fishars targeting surtace Schools 1or valus-aadding of & QuOts resYiCied resource.

Observed SST: 20 March 2015
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2. Salmon aquaculture

Macquarie
Harbour

Tasman
Peninsula

Huon &
D’Entrecasteaux

Australian Government ‘llm”

Hobday et al in press; Spillman & Hobday 2014 cSIRO

Bureau of Meteorology




Tasmanian salmon

2A. Assess needs

Tasmanian Salmon
A$500M

Liaised with Salmon Growers
Association

Require information 1 month to a

season ahead regarding anomalously
warm conditions

Summer sea surface temperature

Ocean data reanalyses, historical
farm temperature data

Project funded by the Tasmanian Salmon ‘mm’
Growers ASSOCiaﬁon Australian Government
CSIRO

Bureau of Meteorology




i. Assess skill of POAMA ITAS index forecasts
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ii. Tailored salmon
farm forecast

products

farm
temperature
data &
monthly
climatologies
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Projection of water temperatures at

e Forecast delivery via monthly simen farm e i Tamans Dover
emailed reports

e Meetings & education
e Industry feedback

» Information to allow salmon
cooperatives to better manage farms
in the likelihood of a hot summer

» Strategies include freshwater
bathing, put on more staff, order
different feed, thin out pens, shifting
pens to cooler waters

oy %:&‘{4 ‘ ’
Australian Government 1 he Centre for Australian Weather and Climate Research mm

Spillman & Hobday 2014 A partnership between CSIRO and the Bureau of Meteorology ~ €SIRO
Bureau of Meteorology




3. Prawn aquaculture

T
S I oL D1
) EElaLp2
1B I oL03
®  Farm Location B

Jui_k |:| BOM Weather Station

Farmers wish to optimize praw &% |
. R 31037 &
growth and yield — W _“°ssmé"
Management need: 32004 [ Carcwell

332957 Ayr
20 ]y g
N 331195
® -2t E
Jhi

40265 Gold Coast |

A

1 1 1
148 150 152 154 156 158

Longitude
Spillman et al 2015 Australian Government ‘lmu’
CSIRO

Bureau of Meteorology



3A. Assess needs

Queensland prawns
A$70M

Liaised with the Australian Prawn
Farmers Association and individual

farm managers along coast

Require information 2 weeks to a
season ahead regarding anomalously
warm or cold conditions, heavy rainfall
or tropical cyclones

Air temperature & rainfall year round

Weather station rainfall & air
temperature data , pond temperature
data

Project funded by the Queensland
Government Cyclone Yasi Recovery Fund.

Australian Government

Bureau of Meteorology

Queensland prawns §

Spillman et al 2015

G

CSIRO
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i. Assess skill of POAMA rainfall & air temperature forecasts
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3C. Implementation

ii. Forecasts scale: Natlonal 9 Reglonal > Farm

NINO3.4 SST Index
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AWAP GLD1 TEMP ANOMALY (%C)
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iii. Tailored farm

POAMA M2 .4abc Prawn Farm Forecasts 20120809
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Southern bluefin tuna

3C. Implementation

* Web-based forecasts e e — —

82+ 1 Souther Bluefin Tuna 8 Seasonal Clmate Predi.. X |

%3 v B v [T #m v Pagev Safetyv Toosv @+

.. PO/\M/\j predictive ocean aimosphefe model for australia l
e Farm visits very successful = |=es s e

Ocean Monitoring  Publications Data Server News / FAQ

e Industry award

» Information to allow prawn
farmers to implement
strategies to optimise prawn | ==
growth & yield ” e

» Strategies include timing of R
seeding & harvest, flushing
of ponds, pre-order feed,
secure infrastructure, target
Christmas and/or Easter
markets

http://www.poama.bom.gov.au ‘lllm'
Australian Government

CSIRO
Bureau of Meteorology




Development stages for fishery &
aquaculture forecast tools

A. Assess needs

B. Development

Define management

or industry (k
2

need

Assess skill using
POAMA hindcast

C. Implementation

Forecast delivery

(XY RS
B53-2 ¢

Determine critical
variables &
decision timescales

Verification data

Produce habitat
distribution

‘Eleca J*

Support & ——

education N g{’Z

Forecast products

User feedback

Hobday et al in press



Range of delivery outputs

Websites
mails
ummary sheets
ublications
onferences
Industry meetings

" SBT habitat distriby

References: Hobday et

Decision timescales and forecast usefulness,

=

L

-
J

SBT data for habitat mx
(archival tags, aerial sy

Tuna industry benef
Forecasts were skilful u
months ahead in the fi
season (Dec-Mar). This
information about futu
distributions in the upc
months allows fishers t
plan their port departu
operational activities.

¢ Australian Gover|

Baress o Meteaend

from several weeks up to several advance
Why seasonal forecasting?

Business perf

nance and industry resilience could be

Essential industry
information require
* Information on relev.

spatial and temporal

National ENSO & tropical

* The minimum level of cyclone outlooks
accuracy of forecasts| —
required in the regio e NS

season of question
The types of manage]
decisions that would
made depending on
particular forecasted
outcome
Which threshold initi
management actiong|

i

Prawn industry benefits|

POAMA forecast informatior]
allows farm managers to
implement strategies to optif
prawn growth, whilst reduci
vulnerability to climate extre}

References: Spillman et al. i
Ay ", Australian Government
T Burcau of Mutcorolegy

manage farms in the likelihood of Meetings & education
3 hot summer. Industry feedback
References: Spillman & Hobday 2014, Hobday et al. 2014 Contact: C.spillman@bom

T

Industry worth.
Annual
Management issue:
Farmed salmon grown towards upper thermal limit. Sea
temperatures linked to salmon growthand health.
Management need

Reduce vulnerability to temperature extremes under
climate change

Management solution:

Freshwater bathing, diet

Management support

Seasonal forecasts for 1 month to a season ahead
regarding anomalously warm conditions to assist future
planning activities

Tailored salmon farm forecast products Farm specific forecasts
Regional ocean forecasts T, SRR

Farm temperature
data & monthly
dimatologies

Salmon industry benefits
Forecasts were skilful up to three
months ahead in summer
months. This valuable information
about future water temperatures
in the upcoming months allows
salmon cooperatives to better

Forecast accuracy information

1

it ustrain Governmen CENre for Australian Weather ‘

Buressof Metceduy and Climate Research L[ POAMA
Py 1 (S————




State of play

Longline fishery Spatial management Ongoing
(managers) Bycatch reduction

Purse seine fishery Spatial maps Ongoing

(fishers) Economic efficiency

Salmon Environmental forecasts Ceased — different
(farmers) Risk reduction and efficiency risk management
Prawns Environmental forecasts Ongoing — but little
(farmers) Economic efficiency engagement
Recreational pelagic fish ~ Spatial distribution pending

(fishers, charter boats) Fishing opportunity



For these examples....future research

Critical information:

» Information on relevant spatial and temporal scales

» The minimum level of skill or accuracy of forecasts required in
the region in the season of question

» The types of management decisions that would be made
depending on a particular forecasted outcome

Very useful information:

» Which threshold initiates management actions?
E.g. must the forecast indicate 90% certainty of an outcome
before action is taken or is a probability of 60% sufficient?

» The economic cost/benefit value of forecasts e ??
to the industry? g

Hobday et al in press



Lessons learned

Essentials:

» Strong industry engagement and partnership

» A clear understanding of the end user skills and how they
might use forecast product

» A model with useful skill in the region of interest
» Forecast product delivery mechanism that suits the end user
» Industry feedback for refinement of forecast products

Very useful:

» Industry advocate or liaison officer

> Farm visits and face-to-face
end user meetings

» Historical industry data

Hobday et al in press.



Supporting science

These successes are possible because of

« Data handling tools — maintained by CSIRO

» Electronic Tag Support System — tag database
« SDODE - oceanographic data system

* Underpinning capacity and existing models
— Satellite remote sensing

— Bluelink Project teams (David Griffin, Richard Matear)
— BoM’s POAMA team (Oscar Alves, Debbie Hudson)

« Science and end user expertise
— Marinelle Basson, Toby Patterson, Kirsten Rough



Ongoing research

e Seasonal scale

1. More forecast applications...
. Recreational fishers...
. Additional variables (e.g. chlorophyll)
. New forecasting model to replace POAMA

2. Evaluate economic benefit of forecast use
. Payoff times (e.g. Peter Mclntosh et al)

3. Link to risk management and capital raising
. Little et al (2015)

4. Downscaling forecasts for coastal applications
. Vanhatalo et al (in review)

* Multi-year forecasts

— Forecast climate drivers (e.g. ENSO, 10D, SAM) -> |local conditions
e CSIRO working group underway
e Technical evaluation and user needs



2. Benefit of information about the future

 With forecast information - in a “good” year do better than average

ﬂk

$ Income j I

Average No Forecast Forecast

» With forecast information - in a “bad” year lose less than average

ﬂk

$ Income j
] X

Average No Forecast Forecast




3. Probalistic forecasts — pricing risk

« Can then be used to fund adaptation

Contents lists available at ScienceDirect

: : “CLMATERSH
Climate Risk Management JUANAGEMENT

L

ELSEVI

journal homepage: www.elsevier.com/locate/crm

Perspective
Funding climate adaptation strategies with climate derivatives

L. Richard Little **, Alistair ]. Hobday *', John Parslow **, Campbell R. Davies *,
R. Quentin Grafton "

2 CSIRO Oceans & Atmosphere, Hobart, Tasmania 7000, Australia
b Crawford School of Public Policy, The Australian National University, Canberra, ACT 2601, Australia




Now Time period of contract Outcome

T T T T T T T T T

Seller of the contract: Index value > Strike value
receives cash, which r \/- Seller: no payout to

could be used to Strike value investor is required, and

develop options to TR T 7TV TV | has used cash to develop

cope with warmer adaptation strategies

climates =

Investor: provides L 2

cash to the seller, in ~

the “expectation” that i ‘ 71 | Index value < strike value
the payoff they will v Seller pays out to investor,
receive if the strike V but can afford this due to
value is not exceeded | | | | wise use of the initial
represents a wise investment

investment.

b T )

Figure 1. Derivatives and payouts. An example of an increase in temperature over the time period of
the contract (red line) that would result in the strike value being exceeded at the time the derivative
contract matures (grey bar), resulting in no payout from the seller to the investor. In the case that the
strike price is not exceeded at the time of maturity (blue line), the seller will make a payout to the
investor. In our example, the seller uses the investment to develop new salmon farming technologies
to cope with anticipated effects of climate change, such as offshore farms in cooler water.



4. Downscaling and extrapolation

Guassian processes with training dataset

Observational domain POAMA domain

Downscaling

and bias correction

(T) to (lead time)

- offshore areas
- inshore areas

forecast

Vanhatalo et al (in revision)



Q: Engaging at a relevant timescale....

« Does thinking more about the future lead to better long term skills?

A

Long-term planning ability

v

Skill in using seasonal forecasts

Testing planned



Further information

 Hobday and Hartmann (2006) Fisheries Management and Ecology.
e Hobday et al (2010) Fisheries Oceanography

e Hobday et al. (2011) CJFAS

e Spillman & Hobday (2014) Clim Risk Manag

 Spillman et al. (2015) Aquaculture

 Hobday et al. (2015) Fisheries Oceanography, in press

 Eveson et al (2015) Fisheries Research

e Little et al (2015) Climate Risk Management (Derivatives)
 Vanhatalo et al (in revision) — downscaling and extrapolation

*  Forecasts: GAB: www.cmar.csiro.au/gab-forecasts
e  POAMA: http://poama.bom.gov.au
e  prawns
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MORE INFORMATION
If you or your organisation/society
would like 1o help shope this exciting
conference, please confoct Dr Grelta
Pecl (Grefio. Pedi@uins.edu.au) o
Professor Stephen Williams (Stephen.
Willioms@jcu.edu.au). We would
welcome suggestions for Theme
Organisess, Workshops, Session
Chairs and Plenary Speakers.

~

)

EDICTI
AND
ADAPTATION.

The global redisinbution of cur plonels” spacies ts widely recognised as a fingerprint
of climale change. Howewer, he mechonisms that undespin such range shifts are
poorly undersiood. Addifionally, the pervasiveness of range shiffs, from poles 1o
e equator, and depths of oceans lo fops of mouniains, provides us wih o unique
opporfunily %o odvance owr fheory of biogeography, evoluionary ecology and
mocroacology. Our move info the ‘onfheopocene” allows unprecedeniad opporiunity
1o undersiand the mechanisms that drive spacies disiibutions ocross ecosyslems and
oddress the fundamenial fenat of ecclogy: what lives where and why2 Howewer,
such dramatc changes also pose significant challenges for suskainable management
of our natueal resources.

We see fils conference fargeling sclentists and natural resowrce manogers working
In the disciplines of global change, biogeogrophy and evolution. It will be relevant
In he contexts of nafwal resource management, biodivessitly management and
conservation, and thecestical ecology. Species” responses fo climale change Is
a ropidly evolving research field, howeves, much of our progress Is baing mode
In independent research areas: e.g. undersionding the process vs responding o
fie implications, terrestial vs marine ecosystems, global meloandyses vs In depth
speciesspecific approaches. This Inlesdisciplinary conference Is expeciad fo develop
connections batween these parallel sreams, and across lemporal and spatial scales.

HOBART | TASMANIA | AUSTRALIA
10-12 FEBRUARY 2016

SPECIESONTHEMOVE.COM




